Multifunctional magnetic resonance imaging (MRI) techniques are increasingly being used to address bottlenecks in prostate cancer patient management. These techniques yield qualitative, semi-quantitative and fully quantitative biomarkers that reflect on the underlying biological status of a tumour. If these techniques are to have a role in patient management, then standard methods of data acquisition, analysis and reporting have to be developed. Effective communication by the use of scoring systems, structured reporting and a graphical interface that matches prostate anatomy are key elements. Practical guidelines for integrating multiparametric MRI into clinical practice are presented.
Introduction
It is clear that the prostate cancer imaging landscape has changed radically in recent years. There is now an increased opportunity to perform prostate gland magnetic resonance imaging (MRI) using sequences that yield functional information. With the advent of faster sequences performed on high-performance, high field strength MRI scanners, it is possible to combine morphological and multiple functional prostatic imaging into a more comprehensive evaluation, with only a small additional time penalty. In addition to morphological T2-weighted sequences, the major functional techniques used for the prostate are diffusion-weighted MRI [1] , dynamic contrast-enhanced MRI [2] and proton MR spectroscopic imaging [3] . These techniques can yield quantitative information that reflects on the biological properties of prostatic tissues. These techniques have the potential to provide unique information that can be used for tumour detection in the treated and untreated gland, for predicting future tumour behaviour and for monitoring and predicting the likelihood of response to treatment. It is now widely recognized that the multiparametric MRI approach for evaluating the prostate goes beyond what can be achieved using any single functional MRI technique.
This article does not discuss in detail the methods of data acquisition or analyse the individual techniques; details regarding these can be found in many recently published review articles [13] . The potential roles that can be played by the different MRI techniques depend on clinical requirements, which change during the prostate cancer patients journey (Table 1) . Since the limitations of each technique are often non-overlapping, it is recommended that multiple functional MRI sequences are used for making diagnoses and therapeutic decisions. This article focuses on the practical methods for integrating multiparametric MRI into clinical practice providing guidance on communicating functional MRI information to urologists and radiotherapists so that they may be used for individual patient decision making.
Biological basis for observations
Dynamic contrast-enhanced (DCE)-MRI using small molecular weight gadolinium chelates enables non-invasive imaging characterization of prostatic vascularity. Established clinical roles for the prostate gland include lesion detection and localization, tumour staging and the detection of suspected tumour recurrence [2] (Table 2) . Diffusion-weighted (DW)-MRI uniquely displays information about the extent and direction of random water motion in tissues. DW-MRI provides information on extracellular space tortuosity, tissue cellularity, glandular formation, the integrity of cellular membranes and perfusion. Clinical data indicate a number of potential roles in prostate cancer including lesion localization and characterization, the latter via the determination of the aggressiveness of the lesion [1] . DW-MRI images at high bvalue (!800 s/mm 2 ) should always be interpreted with morphological and apparent diffusion coefficient (ADC) images. Proton MR spectroscopic imaging (MRSI) of the prostate depicts relative metabolite levels within tissues. Normal prostatic glandular tissues show high citrate levels, whereas aggressive prostate cancer is characterized by relatively higher levels of choline compared with citrate. Studies to date suggest that MRSI might provide information that could be used to increase staging accuracy for less experienced readers and thereby reduce interobserver variability. MRSI also allows the non-invasive assessment of tumour aggressiveness and maybe helpful for directing biopsies and focal therapies [35] . The ability of MRSI to aid in tumour localization appears to be limited particularly for low-grade, low-volume tumours [6] . Two basic strategies have been explored for MRI-guided prostate gland biopsy: (1) coregistration of acquired diagnostic MRI images to transrectal ultrasound (TRUS) biopsy devices, and (2) stereotactic needle interventions within conventional diagnostic scanners using careful patient positioning or with the These authors opinions are based on literature reviews and personal experiences, and recommendations are partly dependent on subjective assessments of ease of imaging data acquisition, analysis and interpretations. 0, no requirement; þ, possible requirement; þþ, probably indicated; þþþ, definite indication.
aid of simple manipulators [7] . Such techniques can be used for needle-based interventions for prostate cancer, including biopsy, brachytherapy, and thermal/laser ablation [710] .
Clinical value of multiparametric MRI
An important clinical area where the use of multifunctional MRI is proving to be of clinical value is for the localization of the site of the dominant intraprostatic cancer mass [11] . The importance of locating significant intraprostatic focal disease lies in 2 clinical areas. First, in men with persistently raised serum prostate-specific antigen (PSA) levels and in whom there have been multiple negative biopsies or positive but low-grade low-volume tumour with discordant PSA kinetics; it is estimated that up to 3050% of these men have undiagnosed, clinically significant cancers [12] . These undiagnosed cancers need to be located and evaluated histologically before therapy can be instituted [4, 1215] . Second, the use and future success of local ablative treatments such as high intensity focused ultrasound (HIFU) is dependent on the accurate identification of the dominant intraprostatic lesion, also known as the index lesion [16, 17] . This is because the largest cancer focus determines patient prognosis (overall Gleason score, total tumour volume, extracapsular tumour extension and seminal vesicle invasion are almost invariably determined by the index lesion), and secondary lesions do not contribute to the overall clinical outcome (satellite lesions tend to be small and well differentiated) [18, 19] . A few studies have evaluated the value of 1 H-MRSI in patients with elevated PSA levels and previous negative biopsies to localize peripheral zone tumours and have shown that combining T2-weighted MRI with 1 H-MRSI can potentially help to direct biopsies towards suspicious sites so as to increase the cancer detection rates and therefore limit the total number of biopsies needed to make a histologic diagnosis [4, 13, 2023] . Futterer et al. [24] have taken the multiparametric approach further by showing that it was only when 1 H-MRSI and morphological data were combined with DCE-MRI that lesion localization in the prostate was optimal. Mazaheri et al. [25] suggested combining DW-MRI and 1 H-MRSI for lesion localization but only for the peripheral zone of the prostate gland. Lesion localization is particularly problematic in the transition zone because benign prostatic hyperplasia shares many of the MRI characteristics of cancers (nodule formation, mass effect and hypervascularization) [26] . A number of studies have recently reported that multiparametric imaging can help guide prostate biopsies in men with persistently raised serum PSA levels and previous negative TRUS biopsies [4, 12, 13, 15] . For example, Hambrock et al. [15] combined DCE-MRI with DW-MRI, and reported that 59% of 68 patients could be diagnosed to have an underlying cancer using this approach. Of the 40 patients with identified tumours, 37 (93%) were considered highly likely to harbour clinically significant disease.
Relaying multiparametric MRI information to clinical colleagues
In order for multifunctional MRI data to inform on patient management, multiparametric data need to be communicated to oncologists/urologists in a simple but meaningful way. This will ensure that patients are treated effectively and in the most appropriate way. This is best done using structured reporting systems via a graphical interface that matches prostate anatomy on T2-weighted MRI [27] (Fig. 1) . Narrative reports should also relay prostate dimensions/volume, a formal assessment of TNM staging including the location and the probability of extra-prostatic disease and other pertinent and incidental findings. Such narrative reports should be accompanied by a radiologists overall score (from 1 to 5) that represents the radiologists personal view on the likelihood of significant malignancy being present at the patient level; this score should be a synthesis derived from radiologic scores for sectors and/or lesions from each imaging technique, also taking into account clinical and clinical data including patient history and symptoms, serum PSA, digital rectal examination (DRE) findings, concomitant medications (particularly anti-androgens) and time since TRUS biopsy.
It is generally agreed that scoring systems similar to that used successfully by breast radiologists (for x-ray mammography and MRI) need to be developed and prospectively validated for prostate MRI. These scoring systems should clearly indicate the probability of cancer being present and its extent. Such scoring systems will have the effect of improving the utility of multiparametric MRI providing the basis for future validation in prospective studies. Such scoring needs to be assigned for each region of interest (prostatic sectors) and for each individual lesion identified.
Reviews of the literature show that Likert-like 5-grade scoring systems are often used to evaluate multiparametric MRI of the prostate [4, 2832] . In keeping with this, a recent consensus meeting of prostate cancer experts used the UCLA-RAND appropriateness method and recommended that a 5-point scale be used for the scoring of prostatic sectors [27] :
Score 1: clinically significant disease is highly unlikely to be present Score 2: clinically significant cancer is unlikely to be present Score 3: the presence of clinically significant cancer is equivocal Score 4: clinically significant cancer is likely to be present Score 5: clinically significant disease is highly likely to be present The definition of clinically significant prostate cancer varies among published reports and depends on local practice. One definition often used is tumour volume !0.5 ml and/or Gleason pattern 4 or 5 and/or extracapsular disease [33] . Definitions of prostatic sectors are detailed below after discussions of scoring systems for individual MRI sequences.
Scoring systems for multiparametric MRI assessments

Spectroscopy
There are no generally accepted criteria for assignments of scores for MRSI [3] . A commonly used system was developed by Jung et al. [32] who devised a standardized scoring system for spectral evaluation of peripheral zone spectral data, and the combined central gland data were added later [34] . This scoring system which uses a visual classification system and a threshold metabolite approach (the (choline þ creatine)/citrate integral ratio) has gained wide agreement amongst radiologists and is recommended for use (Fig. 2) . The accuracy of the scoring system improves if at least 3 adjacent voxels show similar findings provided that all metabolite peaks are greater than 5 times the standard deviation of noise level [5] . In addition to using the 5-point scoring system, readers interpreting the images can designate spectra as unusable if marked lipid contamination or misalignment of metabolite resonance peaks is present. The 5-point Figure 1 Continued.
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scale of Jung et al. [32] has been found to be reasonably accurate and to have excellent interobserver agreement ( ¼ 0.80) in differentiation of benign from malignant tissue.
T2-weighted imaging
Since there are no generally agreed scoring systems for T2-weighted MRI, the scheme presented in Table 3 can serve as a starting point for interested readers to begin to perform systematic reporting of individual lesions identified on multifunctional prostate MRI. These assessment guidelines should be not be used in isolation but rather should be supplemented by personal experience. Of course image appearances on other sequences including the presence of blood depicted on T1-weighted images will influence image interpretations on T2-weighted sequences.
DW-MRI
For qualitative assessments both high b-value DW-MR images (8001000 s/mm 2 ) and ADC maps are useful using the guidance given in Table 4 ; these should be evaluated in combination with T2-weighted images for the anatomic detail. It should be noted that some normal prostatic tissue may reveal high signal intensity on high b-value DW images because of T2 shine through effects. This problem can be overcome by imaging at very high b-values (41000 s/mm 2 ); but image quality is less due to decreased signal-to-noise ratio.
DCE-MRI
In general, prostate cancer in the peripheral zone tends to enhance earlier, faster, to a greater extent and shows earlier contrast washout compared with healthy prostate Focal area/mass of hyperintensity on the high b-value images with corresponding reduced ADC Figure 2 MRSI curve shape assessments. Representative spectra acquired at 3 T (no endorectal coil) with scores 15 (from left to right). Choline (cho) þ creatinine (cr) to citrate (cit) ratios of the individual spectra are given above each spectrum. The irregular line of each spectrum is the acquired data. The smooth lines are the corresponding fitted data from which the C þ C/C ratio is calculated.
tissue. Benign proliferative hyperplasia of the transition zone can show similar enhancement characteristics to cancers. Analysis of DCE-MRI is done using visual assessments of curve shapes and on the morphological appearances of enhancing lesions in the peripheral zone.
Score þ1, þ2 or þ3 for type 1 (slow rising), 2 (fast upslope and plateau with less than 10% washout) and type 3 (early peak and more than 10% washout from the peak). Score þ1 for focal enhancing lesion with curve shape 2 or 3 Score þ1 of lesion is asymmetric with curve shape 2 or 3
The DCE-MRI criteria of transition zone tumours in the presence of benign prostatic hyperplasia (BPH) are as yet undefined and radiologists are advised that the above peripheral zone criteria likely overestimate the probability of cancer being present and to use them with caution.
Prostatic sectors
The clinical case for sector analyses includes improved precision in communicating the location of potential abnormalities, thus potentially enabling few but more targeted biopsies. The numbers of areas/sectors of the prostate that require separate assessments range from 12 to 27 in the literature [27] . In this regard, the position of the boundary that separates the anterior from the posterior sectors requires special consideration. There are good radiologic reasons for radiologists to use the peripheral zonetransition zone boundary as the dividing line because it is easily identified and the peripheral zone is usually easier to evaluate for the presence of cancer. The hypertrophied transition zone is often heterogeneous, with stromal, glandular and mixed BPH being present in varying amounts. Stromal hyperplasia can have low ADC values and may be hypervascular [26] . Thus detecting transition zone cancers is harder to do. Morphological appearances and lesion aggressiveness also differ for tumours arising in the transition zone [35, 36] . In addition, image artefacts are often more commonly seen in the peripheral zone because of its proximity to the air-filled rectum.
On the other hand, in order to be able to cross correlate between TRUS biopsy (where both the peripheral and posterior transition zones are sampled), then the anteriorposterior border needs to be adjusted. Readers should note that the separate identification of the peripheral and transition zones is difficult to do by histopathologic evaluations of core biopsy specimens. One suggestion has been to place the anteriorposterior line 17 mm from the prostates posterior surface (i.e. the biopsy core length as it passes obliquely through the gland) [27] . A 10-core extended biopsy scheme would be expected to sample the 10 posterior sectors.
No consensus method for segmenting the prostate into anterior and posterior sectors has yet emerged.
Other comments regarding data communication
There is some debate concerning the number of individual lesions that require specific identification and whether or not a definite identification of the index prostatic lesion is required, given that prostate cancer is a multifocal disease. There is histologic data that shows that most of the total cancer volume (up to 90%) can be attributed to the dominant focus and that 80% of the small foci have tumour volumes less than 0.5 ml [16] . Furthermore, there is increasing evidence that the risk of cancer progression is positively related to the largest index lesions and to high histologic grade components (Gleason 47) [18, 19] . Because index tumour volume and the presence of Gleason 7 tumour are related, it is recommended that it should be specifically identified and where possible with its dimension(s) and/or volume. Where possible, its functional characteristics should also be noted including ADC value, choline þ creatine/citrate ratio, and enhancement curve shapes using the scoring system defined above (Fig. 1) .
There is uncertainty about how to weight sequence results for a given clinical situation. In other words, do the results from one sequence outweigh results from other sequences in a particular clinical scenario such as lesion localization or when determining lesion aggressiveness. Many investigators have noted that for lesion localization, the performance of DW-MRI and DCE-MRI is superior to T2-weighted MRI and 1 H-MRSI. In contradistinction, when assessing lesion aggressiveness in terms of predicting underlying Gleason score, the performance of DW-MRI and 1 H-MRSI is superior to T2-weighted MRI and DCE-MRI [4, 3743] . Discordant results between these sequences for a given lesion are likely to represent differences in the biological evolution of cancer characteristics. Thus, it has been noted that results of functional MRI tests are often discordant particularly for lesions found in patients undergoing active surveillance (early stage disease or small-volume tumour) and that concordant high scoring results are most often found in larger lesions with higher Gleason scores. The optimal way of dealing with discordant results has not been formulated, and it is recommended that the current strategy is to record the scores of individual sequences separately and to act on the sequence yielding the highest score as clinically indicated.
Challenges for multiparametric MRI
It is possible to acquire spatially matched multiparametric MRI data in potentially every prostate patient at a given time point. Currently, co-localization and integration of the information provided between these multidimensional datasets represents a major challenge. If multiparametric data is acquired several times during a period of observation or treatment, then there is an added level of complexity brought on by changing morphological and functional features and patient repositioning (Fig. 1) . Sophisticated, user-friendly software workspaces need to be developed urgently in order to be able to integrate/cross correlate data analysis procedures to allow for disease characterization and to follow changes in response to therapy. These computer platforms need to also incorporate bioinformatics approaches, so that imaging findings can be correlated with findings from patient metadata including clinical findings, serum PSA levels, prostate cancer antigen 3 (PCA3) findings, histology including immunohistochemistry and ultimately with gene and protein expression profiles. Ultimately, multispectral analyses should be able to generate probability biomaps of biologically important characteristics or to infer underlying molecular gene expression patterns of tissues and tumours. Such composite biomaps incorporating functional imaging would be invaluable in lesion detection and characterization, for biopsy and therapy planning, for assessing the effects of therapies and prognosis prediction.
These computer workplaces need to have methods for dealing with entirely missing MRI sequence datasets (not obtained, corruption, artefacts) and partly corrupted data, which may be regional (often affecting the posterior gland due to rectal gas or rectal movements). These computer platforms need to also incorporate the differing relative sensitivity of each imaging sequence for a given clinical scenario; the relative weighting of each sequence will change as the evidence base grows. Thus, it is now increasingly recognized that in the setting of lesion localization, the performance of DW-MRI and DCE-MRI are superior to T2-weighted MRI and 1 H-MRSI. In contradistinction, lesion aggressiveness in terms of the underlying Gleason score is best assessed with DW-MRI and 1 H-MRSI [4, 3743] compared with T2-weighted MRI and DCE-MRI.
If multiparametric MRI is to evolve successfully into a clinically useful tool for the evaluation of the prostate, then there will need to be agreements on the standards for measurement, analysis and display for the whole spectrum of promising functional MRI techniques. The current general lack of such standards is a major impediment to the development and maturation of physiologic MRI in the prostate. Consensus by the prostate MRI community would attract research funding to support the development of these techniques for a number of clinical purposes, and would allow imaging equipment manufacturers and software companies to focus their research and development resources on improving measurement and analysis methods [27] . Prostate MRI biomarker combinations need to be validated in the context of well-designed, clinically relevant trials, particularly those that are associated with tissue sampling and in studies that incorporate accepted clinical efficacy end points (for clinical validation), where there is minimization of patient selection bias. In these efforts, it should not be forgotten that suitable, tissue equivalent phantoms will be required for quality assurance and quality control purposes. Patient reproducibility and observer variability should be established in as many clinical studies as possible, particularly in multicentre settings in order to establish the robustness of the techniques being evaluated.
Conclusions
In recent years, tremendous experience has been gained in functional MRI techniques and it is becoming increasingly clear that they may be able to address some of the bottlenecks in prostate cancer patient management. The progress made by each technique in the transition to clinical practice varies, but important lessons on their potential uses and limitations are becoming known. If multiparametric MRI is to have a role in the diagnostic pathway of patients with prostate cancer, it will be necessary to develop standard methods of data acquisition, analysis and reporting. One challenge that radiologists are already facing is how to effectively communicate complex multifunctional MRI information to clinicians looking after patients. The use of scoring systems, structured reporting and a graphical interface that matches prostate anatomy are key elements. The guidelines for scoring the multiparametric MRI components discussed can serve as a starting point for such assessments but they will need to be validated and refined by prospective clinical studies.
